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(54) Self aligned buried plate 

(57) A method of forming a buried plate in a silicon 
substrate uses a silicon substrate having a deep trench 
etched into the silicon substrate. A highly doped polysil- 
icon layer is formed within the trench. A nitride layer is 
then formed within the trench over the polysilicon layer. . 
After forming both the polysilicon layer and the nitride 
layer, both the polysflicon layer and the nitride layer are 
etched from a certain uppermost portion of the side- 
walls of the trench thereby exposing the silicon sub- 
strate at the uppermost portions of the sidewalls. After 
exposing the silicon substrate at the uppermost portions 
of the sidewalls, a collar oxide layer is formed over the 
exposed silicon substrate at the uppermost portions of 
the sidewalls thereby protecting any edges of the poly* 
silicon layer exposed by the etching step. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to the s 
manufacture of integrated circuits (ICs). More specifi- 
cally, the invention relates to a method of manufacturing 
self aligned buried plates within a deep trench formed 
into a silicon substrate. 

[0002] Buried plate structures formed within deep 
trenches that are etched into a silicon substrate are 
commonly used in the integrated circuit industry. These 
buried plate structures may be used to, for example, 
form integrated circuit components such as trench 
capacitors that may be used as memory storage nodes 
in devices such as DRAMs. However, the conventional 
vertical patterning processes used to produce these 
buried plates are relatively complex and, as described in 
more detail below, are not self-aligning. In order to more 
dearly illustrate these problems, a prior art process for 
producing a trench capacitor on a silicon wafer will be 
described with reference to Figures 1-19. 
[0003] As indicated in Figure 1 , a silicon wafer 100 is 
provided having a deep trench 102 etched into wafer 
100. Wafer 100 typically has a thin pad oxide layer 104 
and a pad nitride layer 106 formed on a top surface 108 
of a silicon substrate 11 0. As is known in the art. pad 
oxide layer 104 acts as a stress relieving layer for pre- 
venting pad nitride layer 106 from separating from sili- 
con substrate 1 10 during subsequent high temperature 
process steps. Pad nitride layer 106. which is typically 
about 200 angstroms thick, acts as a protective layer for 
top surface 108 of substrate 110 during subsequent 
process steps such as oxidation steps. 
[0004] Although not illustrated in the figures, trench 35 
102 is formed into wafer 100 using a deep trench etch- 
ing process. To accomplish this, a Borosilicate glass 
(BSG) hard mask layer 112 is applied over pad nitride 
layer 1 06. BSG hard mask 1 1 2 is then patterned with a 
resist material (not shown) and etched using a conven- 40 
tional hard mask etching process such as a dry etch 
process using an CF^CFyArgon etcharrt. One or more 
etching process opens BSG hard mask layer 112 (as 
well as pad nitride layer 106 and pad oxide layer 104) in 
the areas above where deep trench 1 02 is to be etched. 45 
the resist material (not shown) used to pattern hard 
mask 112 is then removed using well known resist 
removing processes. Deep trench 102 is then etched 
using an appropriate etching process such as a dry etch 
using an HBr/NH 3 /0 2 etchant. In this case, the deep so 
trench is etched to a level of about 8 microns below top 
surface 108 of silicon substrate 1 10 forming trench side- 
walls 1 14 and 1 16. 

[0005] As illustrated in Figure 2. once trench 102 is 
etched into wafer 100, BSG hard mask layer 112 is 55 
removed using any conventional hard mask removal 
process such as. for example, a vapor phase etching 
process using HF vapor. At this point the process steps 



used to form a buried plate structure within the deep 
trench begins 

[0006] Referring to Figure 3. the first step in actually 
forming a conventional buried plate structure involves 
depositing an arsenic doped silicon tetiethylorthositi- 
cate glass (ASG TEOS) layer 118 over pad nitride layer 
106 and over the surfaces of trench 102. As described 
in more detail hereinafter. ASG TEOS layer 1 16 is used 
to provide the arsenic doping for certain regions of sili- 
con substrate 100 during subsequent annealing steps. 
This layer may be applied using a conventional chemi- 
cal vapor deposition (CVO) technique and is typically 
applied at a thickness of, for example, about 40-60 nm. 
[0007] Once ASG TEOS layer 1 16 has been applied, 
it is etched from the top surface of the pad nitride layer 
and from certain uppermost portions of trench sfdewalls 
114, and 116 of trench, 102. This etching process is 
accomplished using the process steps illustrated in Fig- 
ures 4-7. 

[0008] As illustrated in Figure 4. a resist material 120 
is first applied to wafer 100. This resist material fills 
trench 102 and coats the top surface of wafer 100 with 
a layer of resist material. Next, as shown in Figure 5, 
resist material 120 is recessed or etched back to a 
desired level within trench 102, in this case, to a level in 
the range of about 5.5 to 6.5 microns above the bottom 
of trench 102. This etching back of the resist exposes 
portions of the ASG TEOS layer at the uppermost por- 
tions of the sldewaNs 114 and 116 of trench 102. This 
step is accomplished using a conventional photoresist 
etching process. As described in more detail hereinaf- 
ter, this is the step that determines the level of the first 
vertical patterning step for this process. 
[0009] Once resist material 120 has been etched back 
to the desired level. ASG TEOS layer 118 is etched 
away from the top of wafer 100 and from the exposed 
portions of sidewalls 1 14 and 1 16. A wet etching proc- 
ess using, for example, a BHF etchant is typically used 
to etch, and slightly over etch, the ASG TEOS layer. 
After this etching step, ASG TEOS layer 118 may be 
slightly recessed below the level of the remaining resist 
as shown in Figure 6. And finally, this etching process is 
finished by removing the remaining portions of resist 
material 120 using a conventional photoresist removal 
process. Once the resist is removed, only portions of 
ASG TEOS layer 118 remain with these portions cover- 
ing the bottom portions of trench 102. 
[0010] Once the etching process for the ASG TEOS 
layer is complete, the ASG TEOS layer is annealed as 
illustrated in Figures 8-10. This annealing process pro- 
duces an arsenic doped region within silicon substrate 
1 10 surrounding the bottom portions of trench 102. This 
arsenic doped region forms the buried plate structure. In 
the specific case of a trench capacitor that is being 
described, this arsenic doped region forms one of the 
plates of the capacitor. 

[001 1 ] Prior to the actual annealing step, a cap TEOS 
layer 122 is deposited over wafer 100 coating trench 
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1 02 as illustrated in Figure 8. Cap TiEOS layer 1 22 is an 
undoped TEOS or ozon TEOS layer that prevents the 
arsenic doped TEOS 118 from doping the upper por- 
tions of trench sidewalls 114 and 116 and/or to prievent 
the arsenic dopant from escaping from the trench dur- 
ing the dopant drive anneal step. Cap TEOS layer 122 
is applied using a conventional CVD technique and is 
typically applied at a thickness of, for example, about 
400 Angstroms. 

[0012] After cap TEOS layer 122 is applied, wafer 100 
is annealed During the annealing step, the temperature 
is elevated for an specific length of time. In this specific 
else, the temperature is raised to about 1050 degrees 
F for a period of about 30 minutes. This high tempera- 
ture moves the arsenic from ASQ TEOS layer 118 into 
the surrounding region of silicon substrate 110 thereby 
forming a buried plate structure 124 within 1 a region of 
silicon substrate 1 1G surrounding the bottom portion of 
trench 102. This process is illustrated in Figure 9. After 
the annealing step, the remaining portions of ASG 
TEOS layer 118 and cap TEOS layer 122 are removed. 
This is accomplished using a conventional process such 
as. for example a wet etching process using, for exam- 
ple, a BHF etchant 

[0013) Once buried plate structure 124 is formed as 
described above, a nitride layer is formed on the trench 
walls adjacent to buried plate structure 124 using the 
process steps illustrated in Figures 1 1-15. This nitride 
layer acts as a dielectric for the trench capacitor. This 
process of forming the capacitor dielectric is the second 
vertical patterning step of the overall process of forming 
the trench capacitor. As will be described in more detail 
hereinafter, this second vertical patterning step must be 
strictly controlled so that the top of the nitride layer is at 
the proper level relative to buried plate structure 124. 
Because two separate vertical patterning steps are 
used to locate the top of the nitride layer relative to the 
top of buried plate structure 124, these layers are not 
self-aligned. 

[0014] Referring now to Figure it. the process of 
forming the capacitor dielectric will be described. As 
shown in Figure 11, a nitride layer 126 is deposited oyer 
wafer 100 coating trench sidewalls 1 14 and 1 16. Nitride 
layer 126 is formed using a conventional low pressure 
chemical vapor deposition process and is about, for 
example. 7 nm thick. In order to improve the quality of 
nitride layer 126. nitride layer 126 may be reoxidized at 
this stage using a wet oxidation process. This reoxidiz- 
ing step reduces any defects in nitride layer 126 by fill- 
ing any holes with oxide and improves the dielectric 
properties of nitride layer 1 26. 

[001 5] Next, an arsenic doped polysilicon material 1 28 
is applied over wafer 100 so that it fills trench 102 as 
illustrated in Figure 12. Arsenic doped polysilicon mate- 
rial 128 is typically formed using a layering process in 
which a layer of undoped polysilicon is laid down, then a 
layer of arsenic, and then another layer of undoped 
polysilicon in order to form overall layer 128 These 



alternating lay rs. which are not shown in the Figures, 
are mixed in subsequent high temperature oxide form- 
ing steps. After overall arsenic doped polysilicon mate- 
rial 128 is laid down, a conventional penalization step 
5 such as chemical -mechanical polish (CMP) is per- 
formed which removes polysilicon material 1 28 from the 
top surlace of wafer 100. 

[0016] At this point polysilicon material 128 is 
recessed or etched to a desired level within trench 102. 

io Polysilicon material 128 is typically etched using a con- 
ventional dry etch process such as a reactive ion etch- 
ing process using SF 6 as the reactant As described 
briefly above, this etching step is very important 
because it determines the vertical alignment of the 

75 nitride layer relative to the previously formed buried 
plate structure 1 24. Therefore, it is critical that this etch 
process removes the polysilicon material 1 28 down to a 
level just slightly below the level of the top of buried 
plate structure 124 as illustrated in Figure 14. For exam- 

20 pie, in this case, the polysilicon material is etched down 
to a level of about 100 nm below the uppermost portion 
of the buried plate structure 124. If these two vertically 
positioned layers are not properly aligned, the trench 
capacitor may not be able to hold its charge properly 

25 resulting in a defective memory cell. 

[0017] After polysilicon material 128 is etched to the 
proper level, nitride layer 126 and any exposed reoxi- 
dized nitride are etched away from the top surface of 
wafer 100 and from the uppermost portions of trench 

30 sidewalls 114 and 116 as illustrated in Figure 15. This 
step uses a conventional nitride etching process such 
as. for example, a wet etch process using, for example, 
an HF-glycerol etchant This nitride etching step 
exposes silicon substrate 1 00 at the uppermost portions 

35 of trench sidewalls 114 and 116 and completes the 
process of forming the nitride dielectric layer for the 
trench capacitor. 

[001 8] The next process involved in forming the trench 
capacitor is the process of forming a protective oxide 

40 layer on the exposed uppermost portions of trench side- 
walls 114 and 116. In this case, the protective oxide 
layer is a two layer structure formed using the steps 
shown in Figures 16-18. The protective oxide layer is 
used to cover the exposed silicon substrate 100 at the 

45 uppermost portions of trench sidewalls 114 and 116, 
cover the exposed edge of nitride layer 126, and isolate 
the buried plate structure 124 from the arsenic doped 
polysilicon 1 28 which is already in trench 1 02 as well as 
additional arsenic doped polysilicon material that will be 

so added in a subsequent process step. Additionally, the 
high temperature steps associated with faming the pro- 
tective oxide layer are used to mix the arsenic doped 
polysilicon material 128. 

[0019] Referring initial to Figure 16. the first step in 
55 forming the protective oxide layer involves performing a 
collar oxide forming step. This is done using a conven- 
tional collar oxidation process such as a dry oxidation 
process to form a thin collar oxide layer 130. Collar 
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oxide layer 130 is formed on the exposed uppermost 
trench sidewalls 114 and 116. However, since the top 
surfac of poiysiiicon material 128 is also exposed dur- 
ing the collar oxidizing step, collar oxide layer 130 is 
also formed over the top of poiysiiicon material 128 as 
illustrated in Figure 16. In this case, collar oxide layer 
130 is formed to be about 8 nm thick on trench sidewalls 
114 and 116, Also, since the collar oxidation step is a 
high temperature step, this step begins to mix the 
arsenic and poiysiiicon making up arsenic doped poiy- 
siiicon material 128. 

[0028] After collar oxide layer 130 is formed, an addi- 
tional collar oxide deposition layer 132 of collar oxide is 
deposited over wafer 100 such that it coats the unfilled 
portions of trench 102 as illustrated in Figure 1 7. In this 
case, collar oxide deposition layer 132 is deposited at a 
thickness ranging from about 30 nm to about 45 nm. 
The thickness varies depending on the location on 
wafer 100 because of the varying contours of the wafer. 
For example, collar oxide deposition layer 132 may be 
about 45 nm thick on the top surface of wafer 100 and 
about 30 nm thick on trench sidewalls 1 1 4 and 116. Col- 
lar oxide deposition layer 132 is applied using a conven- 
tional collar oxide deposition process such as a plasma 
enhanced TEOS process. In this case, this step 
includes a 20 minute anneal at a temperature of about 
1000 degrees F. This anneal step typically slightly thins 
collar oxide layer 132. As mentioned above for the high 
temperature collar oxidizing step, this high temperature 
anneal step further mixes the arsenic and the poiysiii- 
con that makes up arsenic doped poiysiiicon material 
128. 

[0021] The final step in forming the protective oxide 
layer is illustrated in Figure 18. This step involves etch- 
ing away the collar oxide layers from the top of poiysiii- 
con material 128 and the top of wafer 100. A 
conventional oxide etching process such as a dry etch 
process using a CHFyHe/C^ etchant is used to etch the 
collar oxide layers. This etching step is important 
because it is critical to make sure that substantially all of 
the collar oxide layers 130 and 132 are removed from 
the top of poiysiiicon material 128 within trench 102. If 
all of the collar oxide material is not removed, rt may 
cause electrical resistance between the arsenic doped 
poiysiiicon material 128 in the bottom of trench 102 and 
the arsenic doped poiysiiicon material that is placed 
over the top of material 128 as described immediately 
below. This electrical resistance may interfere with the 
proper functioning of the trench capacitor. 
[0022] Once the protective oxide layers are formed on 
uppermost trench sidewalls 114 and 1 16. the final step 
in forming the trench capacitor is the step of applying 
another layer of arsenic doped poiysiiicon material 134 
such that it fills the remaining unfilled portions of trench 
102 as illustrated in Figure 19. Arsenic doped poiysiii- 
con layer 134 may be applied in the sam multi-layer 
manner as described above for arsenic doped poiysiii- 
con material 128. If this is the case, the arsenic and the 



poiysiiicon would be mixed in subsequent process steps 
that will not be described herein. 
[0023] Th above descrtoed process results in a 
trench capacitor made up of a buried plate structure 

5 124. a nitride dielectric layer 126. and arsenic doped 
poiysiiicon material 128 which acts as the second plate 
of the capacitor. Arsenic doped poiysiiicon material 134 
provides an electrical path for charging the second plate 
formed by material 128. Although this overall process 

w results in a useful trench capacitor, there are several 
disadvantages associated with the above described 
prior art process. 

[0024] First, as mentioned above, there are two verti- 
cal patterning steps which determine the vertical posi- 
ts tioning of the various elements of the capacitor. The first 
vertical patterning step is illustrated best in Figure 5. 
This step determines the height within the trench at 
which the top of the buried plate structure 124 will be 
located. The second vertical patterning step is best 
20 illustrated in Figure 14 this is the step which deter- 
mines the height within the trench at which the top of 
nitride dielectric layer 126 will be located. This step also 
determines the height within the trench at which the bot- 
tom edge of the protective oxide layers 1 30 and 1 32 will 
25 be vertically located. Because the vertical location of 
the top of the buried plate structure 124 and the vertical 
location of the top of the nitride layer 126 are deter- 
mined in two separate process steps, this overall proc- 
ess is not self-aligning. That is, these two vertical 
30 patterning steps must be very closely controlled to 
insure that theses two layers are property aligned. This 
is a difficult process and results in a high cost for pro- 
ducing trench capacitors using this approach. If these 
vertical layers are not properly aligned, the capacitor 
35 may not be able to properly hold its charge resulting in a 
defective capacitor. 

[0025] As another disadvantage, the above described 
process is a complex process including a large number 
of individual process steps. This large number of steps 

40 in itself makes the process expensive and time consum- 
ing. For example, the above described process includes 
multiple high temperature anneal steps. These steps 
consumes more of the available temperature budget, 
are time consuming and therefore reduce the through- 

45 put of the manufacturing process making the process 
more costly. 

[0026] Additionally, as mentioned above, the collar 
oxkfe step is important because H is critical to make 
sure that substantially all of the collar oxide layers 130 

so and 132 are removed from the top of poiysiiicon mate- 
rial 128 within trench 1 02 If all of the collar oxide mate- 
rial is not removed, it may cause electrical resistance 
problems between the arsenic doped poiysiiicon mate- 
rial 128 in the bottom of trench 102 and the arsenic 

55 doped poiysiiicon material 134 that is placed over the 
top of material 128. This electrical resistance may inter- 
fere with the prop r functioning of the trench capacitor. 
In order to ensure the proper etching of these collar 
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oxide layers, the top surface of polysilicon material 128 
on which the oxide layers are formed should be as level 
or flat as possible. If there is a substantial concav or V 
shape to this top surface, the thickness of the collar 
oxide layers may vary dramatically making it difficult to 5 
properly etch all of the collar oxide material from the top 
surface of polysilicon material 128. 
[0027] In order to provide a level/flat surface on the 
top of polysilicon material 128. deep trench 102 may be 
formed with slightly tapered trench sidewaffs. That is. 10 
trench 1 02 is wider at the top of the trench and narrower 
ayhe bottom of the trench. This helps ensure that the 
etching process used to etch back polysificon material 
1 28 results in a flat and level top surface for the remain- 
ing polysilicon material 1 28. Unfortunately, the use of a is 
tapered trench with a narrower bottom than top causes 
the capacitance of the trench capacitor formed using 
the above described process to be less than the capac- '■ 
itance that would be possible rf trenches having vertical 
sidewalls were used. 26 
[0028] In view of the foregoing, it is desirable to pro- 
vide a process for producing a trench capacitor that 
reduces or eliminates the above described problems 
associated with the prior art process. 

SUMMARY QF THE INVENTION 

[0029] As will be described in more detail hereafter, a 
method of forming a buried plate in a silicon substrate 
having a deep trench etched into the silicon substrate is 30 
herein disclosed. The trench has sidewalls defining the 
depth of the trench. The method includes the step of 
forming a highly doped polysilicon layer within the 
trench. A nitride layer is then formed within the trench 
oyer the polysilicon layer. After forming both the polysil- 35 
icon layer and the nitride layer, both the polysilicon layer 
and the nitride layer are etched from' a certain upper- 
most portion of the sidewalls of the trench thereby 
exposing the silicon substrate at the uppermost portions 
of the sidewalls. After exposing the silicon substrate at 40 
the uppermost portions of the sidewalls. a collar oxide 
layer is formed over the exposed siftcon substrate at the 
uppermost portions of the sidewalls thereby protecting 
any edges of the polysilicon layer exposed by the etch- 
ing step. 45 
[0030] In one embodiment, the method further 
includes the step of forming a thin thermal oxide layer 
witbin the trench prior to forming the highly doped poly- 
silicon layer. In a specific version of this embodiment, 
the thin thermal oxide layer is approximately about 15 so 
angstroms thick. 

[0031 ] In another embodiment the highly doped poly- 
silicon layer is doped with arsenic. Preferably, the con- 
centration of the arsenic in the polysilicon layer is 
greater than about 5E T9 /cm 3 . the polysilicon layer is 55 
approximately about 300 angstroms thick, and th poly- 
silicon layer is formed using a chemical vapor deposi- 
tion process. For this embodiment, the nitride layer is 



approximately about 6 nm thick and the nitride layer is 
formed using a low pressure chemical vapor deposition 
process. 

[0032] In another embodiment which includes the 
thermal oxide layer, the step of etching the polysilicon 
layer and the nitride layer includes several steps. Before 
etching the polysilicon layer and the nitride layer, the 
trench is filled with a resist material. The resist material 
is then recessed to a certain level within the trench. The 
nitride layer and, the polysilicon layer are then etched 
with the thermal oxide layer acting as an etch stop the 
thermal oxide layer is then etched to expose the silicon 
substrate at the uppermost portions of the sidewalls of 
the trench. And finally, any remaining resist material is 
removed from the trench. In one version of this embodi- 
ment, the trench is formed approximately about 8 
. microns deep within the silicon substrate and the resist 
material is recessed to a level of approximately about 
5.5 to 6.5 microns above the bottom of the trench. 
[0033] In another embodiment, the method is used to 
form a trench capacitor in a silicon substrate for use in a 
DRAM device. In this embodiment, the portions of the 
polysilicon layer that remain after the etching step are 
used to form a buried plate forming part of the trench 
capacitor The portions of the nitride layer that remain 
after the etching step are used to form a dielectric layer 
for the trench capacitor. In this embodiment the trench 
is filed with doped polysilicon after the step of forming 
the collar oxide. Portions of the doped polysilicon fill ad 
as a second plate for the trench capacitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] the features of the present invention may best 
be understood by reference to the following description 
of the presently preferred embodiments together with 
the accompanying drawings. 

Figure 1 is a diagrammatic partial cross-sectional 
view of a prior art silicon wafer with a deep trench 
formed into the wafer. 

Figure 2 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 1 after a hard 
mask layer has been removed. 

Figure 3 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 2 after an ASG 
TEOS layer has been, applied to the wafer. 

Figure 4 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 3 after a resist 
layer has been applied to the wafer. 

Figure 5 is a diagrammatic partial cross-sectional 
view of the silicon waf r of Figure 4 after the r sist 
layer has been recessed within the deep trench. 
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Figures 6 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 5 after the ASG 
TEOS layer has been etched from the top of the 
wafer and the exposed portions of the deep trench. 

5 

Figure 7 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 6 after the 
remaining portions of the resist layer have been 
removed from within the deep trench 

10 

Figure 8 is a diagrammatic partial cross-sectional 
yjew of the silicon wafer of Figure 7 after a cap 
TEOS layer has been applied over the wafer. 

Figure 9 is a diagrammatic partial cross-sectional is 
view of the silicon wafer of Figure 8 after the wafer 
has been through and annealing step. 

Figure 10 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 9 after the TEOS 20 
layers have been etched from within the wafer. 

Figure 11 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 10 after a nitride 
layer has been applied to the wafer 25 

Figure 12 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 1 1 after a arsenic 
doped polysilicon layer has been applied to the 

wafer. 30 

Figure 13 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 12 after the wafer 
has been pianarized. 

05 

Figure 14 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Rgure 13 after the 
arsenic doped polysilicon material has been 
recessed within the deep trench. 

40 

Rgure 15 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 14 after the 
exposed portions of the nitride layer have been 
etched from the water. 

45 

Figure 16 is a diagrammatic partial cross^sectional 
view of the silicon wafer of Figure 15 after a collar 
oxide layer has been formed on the exposed silicon 
surfaces of the wafer and the polysilicon material. 

50 

Figure 17 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 16 after an addi- 
tional collar oxide deposition layer has been formed 
on the wafer. 

55 

Figure 18\sa diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 17 after the por- 
tions of the collar oxide layers have been etched 



from the top surface of the wafer and th top sur- 
face of the polysilicon material 

Figure 19 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 18 after another 
arsenic doped polysilicon layer has been applied to 
the wafer. 

Rgure 20 is a diagrammatic partial cross-sectional 
view of a silicon wafer with a deep trench formed 
into the wafer within which a trench capacitor will be 
formed in accordance with the present invention. 

Figure 21 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 20 after a hard 
mask layer has been removed. 

Rgure 22 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Rgure 21 after a thermal 
oxidation step has been performed on the wafer. 

Figure 23 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 22 after a high 
concentration arsenic doped polysilicon layer has 
been applied to the wafer 

Rgure 24 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 23 after a nitride 
layer has been applied to the wafer. 

Rgure 25 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 24 after a resist 
layer has been applied to the wafer filling the 
trench. 

Rgure 26 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 25 after the resist 
layer has been recessed within the deep trench. 

Rgure 27 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 26 after the 
exposed portions of the nitride layer and polysilicon 
layer have been etched from the wafer. 

Figure 28 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 27 after the 
exposed oxide layer has been etched from the side- 
walls of the trench. 

Rgure 29 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 28 after the 
remaining portions of the resist layer have been 
removed from within the trench 

Figure 30 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 29 after a collar 
oxide layer has been formed on th exposed silicon 
surfaces of the sidewalls of the tr nch. 
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Figure 31 is a diagrammatic partial cross-sectional 
view of the silicon wafer of Figure 30 after another 
arsenic doped polysilicon layer has been applied to 
the wafer filling the trench. 

DETAILED DESCRIPTION OF THE INVENTION 

(0035] An invention is herein described for providing 
methods for manufacturing a trench capacitor within a 
deep trench formed into a semiconductor wafer, such as 
a silicon wafer. 

[0336] The trench capacitor is used in integrated cir- 
cuits (ICs) including memory ICs such as random 
access memories (RAMs), dynamic random access 
memories (DRAMs). synchronous DRAMs (SDRAMs), 
merged DRAM-logic circuits (embedded DRAMs). or 
other circuits. 

[0037] Typically, numerous ICs are formed on the 
wafer in parallel. After processing is finish, the wafer is 
diced to separate the integrated circuits to individual 
chips. The chips are then packaged, resulting in a final 
product that is used in. for example, consumer products 
such as computer systems, cellular phones, personal 
digital assistants (PDAs), and other electronic products. 
[0038] The invention utilizes fewer vertical patterning 
steps which makes the process self-aligning thereby 
eliminating the problems associated with controlling the 
vertical alignment of various layers of the trench capac- 
itor formed during different vertical patterning steps. 
[0039] In the following description, numerous specific 
details are set forth in order to provide a thorough 
understanding of the present invention. However, in 
view of this description, it will be obvious to one skilled 
in the art that the present invention may be embodied in 
a wide variety of specific configurations. Also, well 
known integrated circuit manufacturing processes such 
as processes used to deposit various layers of material 
on a silicon substrate, etching processes, and other 
such conventional integrated circuit manufacturing 
processes will not be described in detail in order not to 
unnecessarily obscure the present invention. 
[0040] For illustrative purposes, the present invention 
will be described using the example of a trench capaci- 
tor formed into a deep trench within a silicon wafer. In 
the example described herein, trie trench capacitor is 
used as a memory storage node of a DRAM device. 
Although this example shows specific elements posi- 
tioned at specific dimensional locations, it should be 
understood that the present invention is not limited to 
this specific configuration. Instead, the present inven- 
tion would equally apply to any device which includes 
the use of a buried plate structure formed within a deep 
trench using the inventive method regardless of the spe- 
cific configuration of the various features or regardless 
of the various elements formed onto the wafer after the 
buried plate structure is formed within the deep trench. 
[0041] Referring initially to Figure 20. one embodi- 
ment of method for producing a trench capacitor within 



a deep trench formed into a semiconductor wafer will 
described. As shown in Figur 20, a semiconductor 
wafer 200 is provided having a deep trench 202 etched 
into wafer 200. Wafer 200. for example, comprises sili- 

5 con. Other types of semiconductor wafers are also use- 
ful. As descrtoed in the background with reference to 
Figure 1 and wafer 100. wafer 200 typically has a thin 
pad oxide layer 204 and a pad nitride layer 206 formed 
on a top surface 208 of a silicon substrate 210. Although 

io ■ this is not a requirement ol the invention, pad oxide layer 
204 acts as a stress relieving layer for preventing pad 
nitride layer 206 from separating from silicon substrate 
210 during subsequent high temperature process steps. 
Pad nitride layer 206. which is typically about 200 ang- 

75 stroms thick, acts as a protective layer for top surface 
208 of substrate 210 during subsequent process steps 
such as oxidation steps. 

[0042] Although not illustrated in Figure 20. trench 202 
is formed into wafer 200 using a deep trench etching 

so process As descrtoed above in the background for 
wafer 100. a hard mask layer 212 is applied over pad 
nitride layer 206. The hard mask layer, for example, 
comprises BSG. Other materials, such as TEOS are 
also useful to form the hard mask layer. BSG hard mask 

25 212 is then patterned with a resist material (not shown) 
and etched using a conventional hard mask etching 
process such as a dry etch process using an 
CF^CFg/Argon etchant. This etching process opens 
BSG hard mask layer 208 in the areas above where 

30 deep trench 202 is to be etched. The resist material (hot 
shown) used to pattern hard mask 212 is then removed 
using well known resist removing processes. Deep 
trench 202 is then etched using an appropriate etching 
process such as a dry etch using an HBr/NltyOa etch- 

35 ant. In this case, the deep trench is etched to a level of 
about 8 microns below top surface 208 of silicon sub- 
strate 210 forming trench sidewialls 214 and 216. 
[0043] Although trench 202 has been described above 
as being about % microns deep, it should be understood 

40 that this is not a requirement of the invention. Instead, 
trench 202 may be any appropriate depth depending on 
the requirements of the specific application in which the 
trench capacitor being formed is to be used. In view of 
the following detailed description of the specific exam- 

45 pie disclosed herein, those skilled in the art will appreci- 
ate the wide variety of specific dimensions the various 
elements of a buried plate structure may take on and 
still remain within the scope of the invention. 
[0044] As illustrated in Figure 21 . once trench 202 is 

so etched into wafer 200, BSG hard mask layer 212 is 
removed using any conventional hard mask removal 
process as described above in the background At this 
point, the process steps used to form the novel buried 
plate structure of the present invention within the deep 

55 trench begin. 

[0045] In the prior art approach described above with 
reference to Figures 1-19. the process involved first 
forming, etching, and annealing the buried plate of the 
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trent * capacitor as shewn in Figures 1-10. Once the 
bur i t iate structure is formed, a nitride layer is formed 
and t Jt\ed to provid a dielectric layer for the trench 
capacitor as shown in Figures 11-15. As described 
above, the process of forming the buried plate and the 5 
nitride dielectric layer involved two separate vertical pat- 
terning steps illustrated in Figures 5 and 14. In accord- 
ance with the invention, only one vertical patterning step 
is used. In order to accomplish this, the layers that will 
be used to form the buried plate and the nitride dielec- 10 
trie layer of the trench capacitor are vertically patterned 
usirjg the same etching step. Therefore, in accordance 
with the invention, and as will be described in more 
detail hereinafter, the junction between the top edges of 
the buried plate and the nitride layer are self-aligned is 
with the bottom edge of the collar oxide layer. 
[0046] As mentioned above and in accordance with 
the invention, the process of applying both the layers 
that are used to form the buried plate and the nitride die- 
lectric layer of the trench capacitor are applied to wafer 20 
200 prior to any vertical patterning step. Figures 22-24 
illustrate these steps of applying the various layers. 
[0047] Initially, a dry Jherm^loxidation step is per- 
formed as shown in SsguisJ&LJrhis step forms a thin 
oxide layer 218 on trench sidewalls 214 and 216. 25 
Although this thermal oxidation step is not an absolute 
requirement of the invention, oxide layer 218 protects 
trench sidewalls 214 and 216 during subsequent proc- 
ess steps and acts as an etch stop in a subsequent 
etching step, in this embodiment, oxide layer 218 is 30 
formed to be about 10 angstroms to about 20 ang- 
stroms thick and is preferably about 1 5 angstroms thick. 
Although this specific thickness is given for this exam- 
ple, it should be understood that the invention is not lim- 
ited thereto. Also, it should be understood that any other 35 
conventional oxidation processes other than dry ther- 
mal oxidation may be used to form oxide layer 218. 
[0048] In accordance with the irwention^high con- 
certtr ation n-type do ped polysilicon Ia^e7ff0^gjie3rr~ 
applied onto wafer 200. In one embodiment, tfie'n-Spe^ 40 
doped polysilicon layer comprises arsenic jihosphorus 
dopants are also useful. As shown in 1 figure 23^^lysil- 
icon layer 220 is confer mally deposited over wafer 200 
so that it forms a layer of generally uniform thickness on 
trench sidewalls 214 and 216 as well as on the top sur- 45 
face of wafer 200. In this embodiment, polysilicon layer 
220 is applied at a thickness of about 300 angstroms 
using a conventional chemical vapor deposition tech- 
nique well known to those skilled in the art, e.g . low 
pressure chemical vapor deposition (LPCVD). As will be so 
described in more detail hereinafter, polysilicon layer 
220 is used to provide the buried plate element of the 
trench capacitor being formed within trench 202 
[0049] As mentioned above, polysilicon layer 220 is a 
high concentration arsenic doped polysilicon material. 55 
In this embodiment, the concentration of arsenic within 
the polysilicon is greater than about 5E 19 /cm 3 . Although 
this concentration is given as ah example for this spe- 



cific embodiment, it should be understood that the 
invention would equally apply to polysilicon layers • •sing 
different concentrati ns of arsenic or other dr ns 
such as phosphorous or other commonly employe^ sili- 
con technology dopants. 

[0050] Once polysilicon layer 220 is applied as 
described above, a nitride layer 222 is deposited over 
wafer 200 coating trench sidewalls 214 and 21$ as 
shown in Figure 24. Nitride layer 222 is formed using a 
conventional low pressure chemical vapor deposition 
process similar to that described in the background for 
nitride layer 126. In this embodiment, nitride layer 222 is 
deposited at a thickness of, for example, about 6 nm to 
about 8 nm and preferably about 6 nm. Although this 
specific thickness is given as an example for this spe- 
cific embodiment of a trench capacitor, it should be 
understood that the invention would equally apply to 
other thickness used in a wide variety of different spe- 
cific configurations of devices using a buried plate struc- 
ture. Also, nitride layer 222 may be applied using any 
conventional process for applying a nitride layer. 
[0051 ] In a manner similar to that described above in 
the background, nitride layer 222 may be reoxidized at 
this stage using, for example, a wet oxidation process in 
order to improve the quality of nitride layer 222. This 
reoxidizing step may be used to reduce any defects in 
nitride layer 222 by filling any holes with oxide. This 
improves the dielectric properties of nitride layer 222. 
As mentioned above, nitride layer 222 acts as a dielec- 
tric for the trench capacitor. 

[0052] Once oxide layer 218, polysilicon layer 220, 
and nitride layer 222 have been applied, they are etched 
from certain uppermost portions of trench sidewalls 214 
and 21 6 of trench 102. In accordance with the invention, 
this etching process is accomplished using only one 
vertical patterning step and is illustrated in Figures 25- 

29. ^rt^ 5 ^ 
[0053] As illustrate*frt^ure25? a resist material 224 
is first applied to wafer^fOtTThis resist material fills 
trench 202 and coats the top surface of wafer 200 with 
a layer of resist material. Any conventional resist mate- 
rial that may be used for the etching of a polysilicon 
layer and a nitride layer may be used for resist material 
224. Also, any conventional method for applying resist 
material 224, such as using a spin on technique, may be 
used to apply resist material 224 to wafer 200. 
[0054] Next, as shown in Figure 26. resist material 
224 is recessed or etched back to a desired level within 
trench 202, removing the resist material from the upper 
portion of the trench. The upper portion of the trench is 
where an oxide collar of the trench capacitor is formed 
and the lower portion is where a buried plate of the 
trench capacitor is formed. In the case of the specific 
embodiment being described, resist material 224 is 
etched back to a level in the range of about 5.5 to 6.5 
microns above th bottom of trench 202. Although a 
specific range is given for the etch back, it should be 
understood that the invention would equally apply 



iMsnocm <i=p 094?4fiso 



15 



EP 0 942 465 A2 16 



regardless of the specific height the resist mat rial is 
etched to within the trench. 

[0055] Etching back of the resist exposes portions of 
nitride layer 222 at the upper portions of the sidewalls 
214 and 216 of trench 202. This step is accomplished 
using any conventional etching process such as. but not 
limited to, a wet etching process using a HRglycerol 
etchant This etch step is the only vertical patterning 
step used in the method of the present invention. There- 
fore, this step is the step that determines the level of the 
junction between the bottom edge of the collar oxide 
layer that will be described hereinafter and the top 
edges of both the nitride dielectric layer and the polysil- 
icon layer that becomes the buried plate. Since only this 
one vertical patterning step is used in the method of the 
invention, the vertically patterned layers of the buried 
plate devices formed are self-aligning. 
[0056] Once resisi material 224 has been etched back 
to the desired level, both nitride layer 222 and polysili- 
con layer 220 are etched away from the top of wafer 200 
and from the. exposed portions of sidewalls 214 and 21 6 
as shown in Figure 27. Any conventional etching proc- 
ess that is capable of etching the nitride layer and the 
polysilicon layer' may be used. In the specific embodi- 
ment being descrfoed. a dry etching process using a 
NF 3 /CI 2 etchant is used. Also, in this embodiment, oxide 
layer 218 is used as an etch stop This prevents the 
nitride and polysilicon etching step from etching or dam- 
aging the uppermost portions of trench sidewalls 214 
and 21 6. The etching step is completed by etching oxide 
layer 218 from the uppermost portions of trench side- 
walls 214 arid 21 6 as illustrated in Figure 28. Again, any 
conventional etching process capable of etching the 
oxide layer without damaging the uppermost trench 
sidewalls may be used to etch oxide layer 218 In the 
embodiment being described, a wet etch process using 
a BHF etchant is used. 

[0057] As a result of the above described etching 
steps, nitride layer 222, polysilicon layer 220, and oxide 
layer 218 are slightly recessed below the level of the 
remaining resist as shown in Figure 27. At this point, the 
overall etching process is finished and the remaining 
portions of resist material 224 are removed using any 
conventional photoresist removal process. Once the 
resist is removed, only portions of nitride layer 222. 
polysilicon layer 220. and oxide layer 218 remain within 
the trench with these portions of the layers covering the 
bottom portions of trench 202 as shown in Figure 29. 
[0058] Once the etching process for nitride layer 222 
and polysilicon layer 220 are complete, the next step 
involved in forming the trench capacitor is the process of 
forming a protective oxide layer on the exposed upper- 
most portions of trench sidewalls 214 and 216 as illus- 
trated in Figure 30. The protective oxide layer is used to 
cover the exposed silicon substrate 210 at the upper- 
most portions of trench sidewalls 214 and 216 and to 
cover the exposed edges of nitride layer 222 and poly- 
silicon layer 220. Additionally, the high temperatur step 



associated with forming the protective oxide lay r par- 
tially breaks down th oxide layer that remains between 
silicon substrate 210 and arsenic doped polysilicon 
layer 220. 

5 [0059] Referrinp>to^iguj^3o3^ step of forming the 
protective oxide layer involves performing a collar oxide 
forming step. This is done using a .conventional collar 
oxidation process such as a dry oxidation process to 
form a collar oxide layer 226. Collar oxide layer 226 is 

10 formed on the exposed uppermost trench sideways 214 
and 216. In this case, collar oxide layer 226 is formed to 
be about 30 nm thick on trench sidewalls 214 and 216. 
Also, since the collar oxidation step is a high tempera- 
ture step, this step partially breaks down oxide layer 21 8 

is that remains between silicon substrate 210 and arsenic 
doped polysilicon layer 220 as indicated by dashed line 
228. Although collar oxide layer is described as being 
about 30 nm thick, this is not a requirement of the inven- 
tion. Instead, the collar oxide layer may be any appropri - 

20 ate thickness depending on the requirements of the 
specific application and still remain within the scope of 
the invention. 

[0060] After collar oxide layer 226 is formed, another 
layer of arsenic doped polysilicon material 230 is d^pos^ 

25 /£Hed Such that it fills trench 202 as illustrated if^ Figure ] 
\3lT^rsenic doped polysilicon layer 230 may be appliecK 
inthe same multi-layer manner as described above for 
arsenic doped polysilicon material 128 and 134Jf this is 
the case, the arsenic and the polysilicon would be mixed 
■ 30 in subsequent process steps that will not be described 
herein. Alternatively, polysilicon layer 230 may be 
applied in any other conventional manner and still 
remain within the scope of the invention. The process 
continues using conventional techniques to complete 

35 the trench capacitor and memory cell. Such techniques, 
for example, is described in Nesbit et al.. A 0.6 um 2 
23?Mt> Trech PRAM Cg)l Wjft Self-Aligned BuriEd 
STrao (BEST). IEDM 93-627, which is herein incorpo- 
rated by reference for all purposes. Typically, an array of 

40 DRAM cells are interconnected by wordlines and bit- 
lines to form a DRAM chip. 

(0061] the above described overall process results in 
a trench capacitor made up of a buried plate structure 
formed from polysilicon layer 220, a nitride dielectric 

45 layer 222, and arsenic doped polysilicon material 230 
which acts as the second plate of the capacitor. Arsenic 
doped polysilicon material 230 also provides an electri- 
cal path to the portions of the material 230 that form the 
second plate. This overall process results in a trench 

so capacitor in which the collar oxide layer 226 and the 
polysilicon layer 220 and nitride layer 222 are self- 
aligned in the vertical direction. As described above, 
this is because only one vertical patterning step is per- 
formed in order to produce the tr nch capacitor. There- 

55 fore, tilts novel method eliminates the problems 
associated with having multiple vertical patterning steps 
as described above in the background. 
[0062] As another advantage, the above described 
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process includes fewer steps than the more complex 
prior art process described above. This reduced 
number of steps in itself makes the process less expen- 
sive and time consuming compared to the prior art proc- 
ess. For example, the above described prior art process 
includes multiple etching steps separated by multiple 
high temperature anneal steps, the large number of 
steps are time consuming and therefore reduce the 
throughput of the manufacturing process making the 
process costly. With the reduced number of steps of the 
present invention and with the grouping together of the 
etchipg steps, the inventive process provides a much 
less time consuming and therefore less costly process 
for forming trench capacitors. 

[0063] Additionally, as described above for the prior 
art method, the polysilicon material 128 in the bottom of 
the trench of the prior art device is formed in a separate 
step than the star* employed to form arsenic doped poly- 
silicon material ;34. Accordingly, the method of the 
present invention allows a trench having vertical side- 
walls or even overhanging sidewalls to be used without 
creating this problem of the connection between the two 
different polysilicon materials. This is because all of the 
polysilicon plug 230 is formed in one step which results 
in a continuous polysilicon plug. This completely elimi- 
nates the potential problem of forming a bad connection 
between the two separately applied polysilicon materi- 
als. The ability to use trenches with vertical sidewalls or 
overhanging sidewalls means that the capacitance of a 
given trench capacitor formed in a trench of a given 
depth may be larger than would be possible if a trench 
with tapered sidewalls were used. 
[0064] Although the trenches and etch back steps 
have been described as having a particular dimensional 
relationship with regard to each other and with regard to 
other elements in the embodiments described, this is 
not a requirement of the invention. Instead, it should be 
understood that the present invention would equally 
apply regardless of the specific dimensional relation- 
ships between the depth of the trench and the depth of 
the etch back step so long as only one vertical pattern- 
ing step is performed in order to form the trench capac- 
itor. 

[0065] Although the invention has been described with 
specific embodiments, it is to be understood that the 
method of the present invention rnay be embodied in a 
wide variety of alternative forms and still remain within 
the scope of the invention. Any of these various embod- 
iments would equally fall within the scope of the inven- 
tion so long a single vertical patterning step is used to 
form the buried plate device. Also, although the wafer 
has not been described as including additional ele- 
ments formed on the wafer or within the silicon sub- 
strate other than the trench capacitor, it should be 
understood that the present invention may take on a 
wide variety of specific configurations incorporating a 
wide variety of lements formed on the wafer or within 
the silicon substrate with the various elements being 



located in a wide variety of positions and mutual orien- 
tations and still remain within the scope of the present 
invention. Therefore, th present examples are to be 
considered as illustrative and not restrictive, and the 
5 invention is not to be limited to the details given herein, 
but may be modified within the scope of the appended 
claims. 
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Claims 

1 . A method of forming a buried plate in a silicon sub- 
strate havng a deep trench etched into said silicon 
substrate, said trench having sidewalls defining the 
depth of said trench, said method comprising: 

forming a highly doped polysilicon layer within 
said trench; 

forming a nitride layer within said trench over 
said polysilicon layer; 

after forming both said polysilicon layer and 
said nitride layer, etching both said polysilicon 
layer and said nitride layer from an uppermost 
portion of said sidewalls of said trench thereby 
exposing said silicon substrate at said upper- 
most portion of said sidewalls; and 
after exposing said silicon substrate, forming a 
collar oxide layer over the exposed silicon sub- 
strate at the uppermost portion of the sidewalls 
thereby protecting edges of said polysilicon 
layer exposed by said etching step. 

2. A method according to claim 1 wherein said method 
further includes forming a thin thermal oxide layer 
within said trench prior to forming said highly doped 
polysilicon layer 

3. A method according to claim 2 wherein said thin 
thermal oxide layer is approximately about 15 ang- 
stroms thick. 

4. A method according to claim 1 wherein said highly 
doped polysilicon layer is doped with arsenic. 

5. A method according to claim 4 wherein the concen- 
tration of said arsenic in said polysilicon layer is 
greater than about 5E 19 /cm 3 . 

6. A method according to claim 1 wherein said polysil- 
icon layer is approximately about 300 angstroms 
thick. 

7. A method according to claim 4 wherein said polysil- 
icon layer is formed using a chemical vapor deposi- 
tion process. 

8. A method according to claim 1 wherein said nitride 
layer is approximately about 6 nm thick. 
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9. A method according to claim 1 wherein said nitride 
layer is formed using a low pressure chemical vapor 
deposition process. 

10. A method according to claim 2 wherein said step of 5 
etching said polysiticon layer and said nitride layer 
includes: 

before etching said polysilicori layer and said 
nitride layer, filling said trench with a resist w 
material, 

recessing said resist material to a certain level 
within said trench, 

etching said nitride layer and said polysiticon 
! layer, : * rs 

etching said thermal oxide layer to expose said 
silicon substrate at said uppermost portions of 
said sidewalls of said trench, and 
removing any remaining resist material from 
said trench. so 

1 1 . A method according to claim 1 0 wherein said trench 
is formed approximately about 8 microns deep 
within said silicon substrate and wherein said resist 
material is recessed to a level of approximately 25 
about 5 5 to 6.5 microns above the bottom of said 
trench. 

12. A method according to claim 10 wherein said poly- 
silicon layer is etched using NF^C^ as an etchant 30 
in a dry etching process. 

13. A method according to claim 1 wherein said collar 
. oxide layer is approximately about 30 nm thick. 

' , - 35 

14. A method of forming a trench capacitor in a silicon 
substrate for use in a DRAM device, the silicon sub- 
strate having a deep trench etched into said silicon 
substrate, said trench having sidewalls defining the 
depth of said trench, said method comprising: 40 

• . - ' ■ • i. 
forming a thin thermal oxide layer within said 
trench 

forming a highly doped polysilicon layer over 
said thermal oxide layer within said trench, por- 45 
tions of said polysilicon layer being used to 
form a buried plate forming part of said trench 
capacitor; 

forming a nitride layer within said trench over 
said polysilicon layer, portions of said rv\rki& so 
layer being used to form a dielectric layer for 
said trench capacitor: » • ■ 

after forming said thermal oxide layer, said 
polysiticon layer, and said nitride layer, etching 
said nitride layer, said polysilicon layer, and 55 
said thermal oxide layer from a certain upper- 
; \ most portion of said sidewalls of said trench 
thereby exposing said silicon substrate at said 



uppermost portions of said sidewalls, 
after exposing said silicon substrate, forming a 
coWar oxide layer over the exposed silicon sub- 
strate at the uppermost portions of said side- 
walls thereby protecting any edges of said 
polysilicon layer exposed by said etching step, 
and 

filling the trench with doped polysilicon, por- 
tions of said doped polysilicon fill acting as a 
second plate for said trench capacitor. 

15. A method according to claim 14 wherein said thin 
, thermal oxide layer is approximately about 15 ang- 
stroms thick 

16. A method according to claim 14 wherein said nighty 
doped polysilicon layer is doped with arsenic. 

17. A method according to claim 16 wherein the con- 
centration of said arsenic in said polysilicon layer is 
greater than about 5E 19 /cm 3 . 

18. A method according to claim 14 wherein said poly- 
silicon layer is approximately about 300 angstroms 
thick. 

19. A method according to daim 14 wherein said poly* 
silicon layer is formed using a chemical vapor dep- 
osition process. 

20. A method according to claim 14 wherein said nitride 
layer is approximately about 6 nm thick. 

21. A method according to claim 14 wherein said nitride 
}ayer is formed using a low pressure chem\ca\ vapor 
deposition process. 

22. A method according to claim 14 wherein said step 
of etching said thermal oxide layer, said polysilicon 
layer, and said nitride layer includes: 

before etching said layers, filling said trench 
with a resist material, 

recessing said resist material to a certain level 
within said trench, 

etching said nitride layer and said polysilicon 
layer, 

etching said thermal oxide layer to expose said 
silicon substrate at said uppermost portions of 
said sidewalls of said trench, and 
removing any remaining resist material from 
said trench. 

23. A method according to claim 22 wherein said trench 
is formed approximately about 8 microns deep 
within said silicon substrate and wherein said resist 
material is recessed to a level of approximately 
about 5.5 to 6.5 microns above the bottom of said 
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trench. 

24. A method according to claim 22 wherein said poly- 
silicon layer is etched using NF3/CI2 as an etchant 

in a dry etching process. s 

25. A method according to claim 14 wherein said collar 
oxide layer is approximately about 30 nm thick 
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FIG. 19 
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